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Abstract 
Background: Enzymatic digestion is an essential stage for culturing Mesenchymal Stem Cells (MSCs) and their 
therapeutic application. Several factors such as being cost-benefit, efficiency, safety, yield and amount of produced 
cells are determinant for choosing the appropriate enzyme. Collagenase is a conventional enzyme commonly used 
for enzymatic digestion. However, other enzymes like trypsin and even combination of these enzymes can be used as 
an alternative strategy in different situations. Materials and Methods: Abdominal subcutaneous adipose tissue was 
obtained from male BALB/c mice and digested under three different enzymatic processes: collagenase and 
collagenase/trypsin and trypsin. Cell culture process was performed under standard condition and MSCs at 3rd 
passage were used for further characterization by flow cytometry. Results: In this study, two different enzymatic 
methods for digestion of adipose-derived MSCs (ADSCs) of BALB/c mice were investigated. The morphology of 
cells was pretty different and was more homogenous in collagenase group. Also the yield of cells was varied 
among groups. Furthermore, the obtained data from flow cytometry revealed that ADSCs were positive for CD90 
(70%), CD29 (98%), CD105 (52%) and negative for CD45 (<2%).Conclusion: Application of different enzymes 
depends on various conditions. Altogether, these data indicate that although use of trypsin in isolation protocol is 
cost-benefit, it can be used as an alternative method whenever limited number of cells will be needed. However, 
collagenase as a well-known and conventional method can be used for isolation of larger quantity of cells with 
several applications.   
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Different enzymatic methods are used to 
breakdown tissues in cell culture and other 
approaches. All these different methods are 
commonly followed by special steps such as 
washing, centrifugation and incubation. However, the 
most important differences are costs, efficiency and 
safety issue of different enzymes for obtaining 
applicable cells (1, 2). Considering that recently the 
MSCs have been used as a therapeutic agent, an 
appropriate method that is not only cost-effective but 
also is convenient and efficient for isolation of MSCs 
can be favorable (3, 4).    
       There are a group of multipotent cells known as 
MSCs. These multipotent cells can be isolated from 
different tissues such as bone marrow, amniotic fluid, 
umbilical cord blood, adipose tissue, placental tissue 
and dental pulp (5, 6). MSCs are capable to 
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differentiate into adipocyte, osteoblast and 
chondrocyte lineages and also appealing candidate 
for clinical practice because of their 
immunomodulatory, self-renewal and regenerative 
properties (7-10). Having low immunogenicity, lack 
of immunostimulating factors expression and their 
easy to access, make MSCs appealing candidates for 
cell transplantation (11, 12). Moreover, anti-
inflammatory/immunomodulatory properties 
altogether with potential of gene modifications make 
MSCs as a novel vehicle for delivery of different 
therapeutic agents (13). As adipose tissue is available 
abundantly and its access is non-invasive, adipose-
derived MSCs are one of desirable source of MSCs 
for therapeutic application (8, 14).   
Expression of cell surface markers like CD90, 
CD29, CD105, CD73, CD44 and lack of CD45 and 
CD31 are beneficial for identification and 
characterization of MSCs (15-17).  
           As collagen network is the main structure of 
the extracellular matrix (ECM), using of some 
special enzymes such as trypsin, collagenase and 
their combination are necessary for tissue digestion 
(18, 19). The pro-enzyme, trypsinogen, is inactive 
form of trypsin which convert to trypsin and cleave 
the carboxyl terminal of lysine and arginine amino 
acids. Collagenase is another digestive enzyme. This 
enzyme alone or in combination with other enzymes 
(especially trypsin) could digest all types of collagen 
by its proteolytic ability (19-21). As all enzymatic 
methods are used for isolation and digestion of 
MSCs, in this study we used collagenase and 
combination of trypsin/collagenase to assess and 
compare their cost and impact of their digestive 
power on proliferation, viability and stability of 
MSCs.          
   Methods 
Isolation and culture of BALB/c mice MSCs. 
Abdominal subcutaneous adipose tissue was obtained 
from male BALB/c mice (6-8 weeks old and 25g 
weight). To acquire MSCs, the adipose tissue must 
be digested under enzymatic process. For this 
purpose, two different digestive enzymes were used 
to assess their cost-benefitness. 
Collagenase. The isolated adipose tissue was placed 
within the falcon tube which filled up with 500µl cell 
culture medium (Dulbecco's Modified Eagle 
Medium/F12-Atocel). 500µl collagenase was then 
added to the mixture immediately. The falcon tube 
was incubated under condition of 5 % (v/v) CO2 and 
37°C for 20 minutes with at least vortex every 10 
minutes in order to digest the pellet completely. The 
resulting mixture was centrifuged at 1200rpm for 5 
minutes. Supernatant was removed and the pellet was 
re-suspended in 1ml media with 10% Fetal Bovine 
Serum (FBS) and transferred to the T75 flask with a 
final volume of 15ml.  
 
Trypsin/Collagenase. Similar to collagenase 
method, the whole abdominal adipose tissue was 
suspended in the 500µl cell culture medium. Then 
collagenase and trypsin were added in an equal 
volume up to 500µl. The mixture was incubated for 
more than 20 minutes with vortex every 5 minutes. 
Other steps were performed as same as collagenase 
method. Resultant cells were then seeded in cell 
culture flasks and incubated in an standard cell culture 
condition.   
Trypsin. Similar to two previous enzymatic 
methods, the abdominal adipose tissue of BALB/c 
mice was isolated. In this method after putting whole 
abdominal adipose tissue in the 500µl cell culture 
medium, 500µl trypsin was added to the falcon tube. 
The rest of protocol was as same as two previous 
methods.  
Cell growth assessment. Cells were assessed 
daily and after reaching up to 85-90% confluency, 
MSCs were passaged (around 3 days after cell 
isolation). MSCs were counted at every passage and 
split into two individual flasks. This process was 
continued to the 3rd passage when cells grew up and 
were still in undifferentiated stage (Fig 1).   
 
Cell viability testing. The cell viability was 
calculated using hemocytometer and trypan blue 
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Fig 1. Mesenchymal Stem Cells, the 3rd passage. (A): 
digestion with trypsin (B): digestion with collagenase. 
 
Immunophenotyping. To identify and 
characterize the adipose derived MSCs, cells were 
prepared to analyze by flow cytometry. According to 
the protocol, trypsin was used to detach the cells and 
centrifugation was done consecutively. After cell 
counting, they were distributed into the double sets 
of tubes due to the analysis with three different 
digestive methods on MSCs. Isolated cells were 
added to tubes and conjugated antibodies were then 
added. Phycoerythrin (PE) –labeled anti-mouse 
CD29 and CD90, APC-labeled anti-mouse CD105 
and fluorescein isothiocyanate (FITC)-labeled anti-
mouse CD45 were added as markers to tubes and 
they were kept in 4°C   for 30 minutes. Finally, cell 
mixtures were analyzed by the flow cytometry. 
Results 
Isolation and culture of adipose tissue, cell 
viability and morphology. In this study, we have 
investigated three different enzymatic methods to 
digest adipose tissues of BALB/c mice. The cultures 
were performed under the same conditions. In other 
word, total number of isolated cells was equal in the 
initial step of three methods. 
The morphology of ADSCs was pretty 
different. In trypsin and trypsin/collagenase-based 
method, there were some heterogeneous cells in the 
initial step which were removed after the second 
passage, while cells were more homogenous in 
collagenase group.  
In the collagenase treated group, the cells were 
obviously more populated indicative of higher cell 
proliferation. Also doubling time of cells was almost 
the same prior to second and third passages.  
We also compared cell viability and cell 
counting in these three different digestive methods. 
Collagenase-treated group, cell number was obviously 
higher compared with trypsin/collagenase-treated 
group (1.8x106 and 7x105 cells/ml, respectively).  
Different ratios of trypsin/collagenase (3:1, 1/2:1/2) 
were assayed and an inverse correlation between the 
amount of cell number and trypsin concentration was 
observed. It is notable that the number of cells in the 
trypsin-based method was unfavorable.     
Flow cytometry. Flow cytometric analyses 
revealed that ADSCs were positive for CD90 (70%), 
CD29 (98%), CD105 (52%) and negative for CD45 
(>2%) (Fig2).  
 
Fig 2. Flow cytometry results. (A): CD29, (B): CD90 
Discussion 
Two major methods including (i.e. mechanical 
and enzymatic methods) are commonly used for 
isolation of MSCs from various tissues.  There various 
forms of enzymatic method (1, 22). As some different 
enzymatic systems exist for isolation of ADSCs, 
several factors such as cell viability and stability, time 
of proliferation, cost-benefit ratio should be 
considered for their application (1, 4).  
In the current study, we compared three 
different enzymatic systems including collagenase-
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based digestion, trypsin-based digestion and 
collagenase/trypsin-based digestion, to isolate MSCs 
from adipose tissue. We observed that cell doubling-
time and time interval between passages were the 
same in these three methods. Markarian et al. have 
carried out the study on 9 different culture groups, 
they have found also that cell doubling-time is 
similar in all cultures (3). 
Salehinejad and colleagues also demonstrated 
the unfavorable effect of trypsin on isolation and 
establishment of human umbilical cord and placenta 
mesenchymal stem cell culture. However, they found 
that collagenase/trypsin-based protocol was superior 
to trypsin alone (23).  
   
Conclusion 
In the current study we found although 
collagenase and collagenase/trypsin have the same 
capacity in the time of proliferation, but once some 
cells may not be resistant to trypsin and because of 
cellular damages, it is better to isolate cells in the 
absence of trypsin. Nevertheless, the application of 
different enzymes is based on the condition. Albeit 
use of trypsin in isolation protocol is not expensive 
but it can be considered as an alternative method 
whenever if limited number of cells are required. 
However, considering the yield of MSCs and its 
cost-effectiveness, it seems that collagenase-based 
method is an ideal digestive protocol especially 
where large amount of cells for various purposes 
are required.  
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